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Preface 


The present report dated May, 1987 is a semi-annual report on NASA 
Grant NAG8-076. The project was granted on Oct 1, 1987 and this report 
briefly describes the initial efforts in reorienting our existing experi- 
mental facilities to work on superalloys and covers a period up to April, 
1987. To initiate the work in a proper direction and plan out our mode 
of operation, a meeting was arranged on October 20, 1986 with Dr. E. C. 
McKannan, Dr. Bilyar Bhat, Mr. Richard Parr and Ms. Wendy Alter of the 
Materials Laboratory, MSFC. 

Thanks are due to Mr. Richard Parr for providing samples of superalloy 
rod MAR-M246(Hf) and a used screw made out of PWA 1480. 


(i) 



Summary 


The purpose of this investigation is to study the microstructure 
of the Ni-based superalloy MAR-M246 (Hf) which is used in manufacturing 
the components of the Space Shuttle's main engine. In the first year 
of investigation, we planned to study this superalloy using optical photo- 
micrographs and the differential thermal analysis data. During this period, 
the existing experimental equipment like cutting, grinding/polishing machines, 
metallurgical microscope have been used to cut/polish and take the photo- 
micrographs. At present we have only a 35nm camera attachment with our 
Olympus inverted metallurgical microscope. Due to this, there has been 
considerable delay in processing photographs. A Perkin-Elmer Differential 
Thermal Analyzer (DTA-1700) had been ordered and finally installed on 
April 28, 1987. Preliminary test runs have been made on silver as well 
as MAR-M246 (Hf). 


(ii) 



Table of Contents 


Preface 

Summary 

1. Introduction 

2. Approach of Work and Experimental Procedures 

2.1. Cutting/grinding/polishing set-up 

2.2. Etchants 

2.3. Photomicrography 

2.4. Differential Thermal Analysis 
Appendix A 


Computer Search 



1. INTRODUCTION 


Superalloys are complex materials capable of maintaining certain of 
their room temperature physical and mechanical properties at elevated 
temperatures. Ni-based superalloy manufactured by Martin Marietta, MAR-M246(Hf) 
has been chosen for the present study. This is directionally solidified 
material with the weight percent composition: Ni (58.035%), Co (10%), 

W (10%), Cr (9%), A1 (5.5%), Mo (2.5%), Hf (1.75%), Ti (1.5%), Ta (1.5%), 

C (0.15%), Zr (0.05%), and B (0.015%). The different elements go into 
the solid solution to provide one or more of the following effects: strength 
(Mo, Ta, W), oxidation resistance (Cr, Al), phase stability (Ni), gamma 
prime y^ (Al , Ti). The y^ phase is the key fact or responsible for 
the extraordinary useful high temperature properties of Ni-based super- 
alloys and has a complex ordered structure which precipitates coherently 
with the matrix to provide precipitate hardening. Although it is recognized 
that no single property controls alloy performance, high temperature strength 
and in particular creep resistance and stress rupture life are of greatest 
importance. Hence it is worthwhile to gain fundamental understanding 
of the effects of the various constituents on deformation mechanisms as 
they regulate mechanical properties. The purpose of the present study 
is to use differential thermal analysis (DTA) and optical micrographs 
to investigate the microstructure. 

DTA continues to aid in unravelling the intricacies of superalloy 
metallurgy. The manner in which different levels of minor additions of 
other elements affect an alloy's behavior is often reflected in a DTA 
curve. DTA curve can also be used to interpret the mechanism of property 
changes resulting from addition of these elements. It enables us to find 
the accurate temperatures at which superalloy phase changes occur. Certainly, 
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the effects of changes in major elements are easily determined. 

2. APPROACH OF WORK AND EXPERIMENTAL PROCEDURE 

After the initiation of the project on Oct. 1, 1986, a graduate student, 
Samuel Oyekenu was hired to work on the project. Computer search for 
the work relating to photomicrography, differential thermal analysis and 
high temperature x-ray diffraction of the Ni-based superalloys in general 
and MAR-M246 (Hf) in particular was carried out from the relevant files, 
Inspec and Metadex. It is noted that not much work is published for these 
studies on MAR-M246(Hf ) . A copy of this computer search is enclosed here- 
with in Appendix A. 

2.1. Cutting/Grinding/Pol ishing Set-Up 

The existing Buehler low speed high diamond concentration saw was 
used to cut the MAR-M246(Hf) superalloy rod. It took 4-6 hours to cut 
a 5/16" diameter rod but time of cutting was reduced to 3 hours when we 
used a new low diamond concentration watering blade. The samples were 
deburred and then embedded in a 1 1/4" dia mold using Buehler EPO-KWIK 
resin and hardner for grinding and polishing. The sample is polished 
using a 240, 320, 400 and 600 grit paper on a Buehler Minimet Polisher 
and a final polish is given on a microcloth using a 0.3y and 0.05y alumina 
powder and water as a slurry. 

2.2. Etchants 

A large number of etching reagents have been recommended in the litera- 
1 2 

ture ’ . Few etchants have been tried which are listed below: 

a) Kal ling's Reagent 5g CuCl^ 

100 ml Hcl (s.g. 1 .19) 

#1 100 ml ethanol 

40 ml distilled water 



b) Kalling's Reagent 
#2 
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5g cucl,, 

100 ml Hcl 
100 ml Ethanol 

c) Adler's Reagent 3g copper-ammonium chloride 

20 ml distilled water after dissolving 
add 50 ml Hcl (s.g. = 1.19) 
and 15 g Ferric chloride 

2.3. Photomicrography 

The existing Olympus inverted metallurgical microscope model PME 
with 35mm camera attachment has been utilized to take photomicrographs. 

Various samples were cut perpendicular to and along the axis of the rod 
for photomicrographical observations. Polished samples were etched for 
1-3 minutes using a particular etch. Photomicrographs can be recorded 
at a desired magnification. Few photomicrograph showing the microstructure 
are attached herewith in Fig. 1 to Fig. 4. Various locations show y^ , 

MC, Cg phases on these pictures. Polaroid camera attachment for the 
PME Olympus microscope is being tried to be procured from some non-NASA 
funds, which will facilitate us to see immediate results. Detailed investigation 
is underway. 

2.4. Differential Thermal Analysis 

Differential thermal analysis, as its name implies, involves heating 
2 bodies, one of which is known to undergo no phase changes and measuring 
the differences as the two are heated. 

If a phase change occurs in the unknown, its temperature will be higher 
(exothermic) or lower (endothermic) than that of the neutral body. These 
are normally recorded as a function of the sample temperature. Normally 
phase transition, dehydration, reduction, and some decomposition reactions 
produce endothermic reactions whereas crystallization, oxidation and some 
decomposition reaction produce exothermic reactions. 




Fig. 1 


Microstructure of Ni-based Superalloy MAR-M246(Hf) 
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Photomicrograph No. 7 showing the microstructure of MAR-M246(Hf) 
from a rod cut along the axis. 




Fig. 4 Microstructure of Ni-based Superalloy MAR-M246(Hf) 
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As planned in the proposal, an order was placed on Oct 20, 1986 for 
a differential thermal analyzer (DTA 1700) from Perkin-Elmer which was 
installed and finally tested on April 28, 1987. DTA system has been purchased 
along with Thermal Analysis Data System (TADS) which could only be possible 
with a trade-in of a component of the existing DSC-4 system bought under 
a separate grant. This has increased the versatility of our equipment. 

A typical DTA curve for silver was taken to test the system and is shown 
in Fig. 5. A typical DTA curve for MAR-M246(Hf) during the heating cycle 
is shown in Fig. 6. Also Fig. 7 shows a similar DTA curve during the 
cooling cycles. Analysis of the data is in progress. 




0QN3> 


S33d33Q 


MDA FILE: SIL -1. DT TEMPERATURE CC) 

DATE: 87/04/27 TIME: 02: 39 Fig. 5 







0QN3> 


S32:y330 


MDA FILE, OSAVE. DT TEMPERATURE <C) 

□ATE: 87/04/28 TIME: 14:45 Fig. 7 
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